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主要成分，FT 基因的 mRNA 和/或 FT 蛋白能够从叶片运输到茎尖并诱导植物开
花。目前，对于开花素的组成成分还有争议，开花素的运输机理也不清楚。本研
究通过遗传学和分子生物学的实验深入地探讨了拟南芥中开花素的组成成分及
其运输机理，并且对 FT 基因的功能做出了详细地分析。获得的主要结果如下： 
1、证明了 FT mRNA 和 FT 蛋白共同参与了开花素的长距离运输，并证明了
FT mRNA 和 FT 蛋白需要相互协助才能从叶片运输到茎尖。在只有 FT mRNA 或




的 FT 蛋白也参与了开花素运输的调控。 
3、证明了 FT 具有自我反馈调控功能，FT 可以通过反馈调控促进自身 mRNA
的表达。FT mRNA 可以在茎尖中边移动边翻译，从而不断放大信号。 
4、证明了在 FT 蛋白的 N-端或者 C-端融合标签都会对 FT 的功能造成一定
的影响，而且不同的标签会产生不同的影响。光照条件不影响外源 FT mRNA 的
运输以及诱导开花。FD 和 SOC1 在叶片和茎尖中都有功能，fd;soc1 双突变体可
以阻断开花素的运输。 
本研究证明 FT mRNA 和 FT 蛋白共同参与了开花素的长距离运输，这个新
运输模型的建立为开花素的研究奠定了新的基础。对 FT 基因不同方面的研究也
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Abstract 
There are four signaling pathways that regulating flowering time in plants: 
vernalization pathway, photoperiod pathway, gibberellin pathway and autonomous 
pathway. These four are integrated as a massive signaling network. To Arabidopsis 
thaliana, FT gene is one of the important factors that contribute to the flowering time. 
Recent researches demonstrate that the expressive product of FT is the very major 
constituent of the famous florigen. FT mRNA or/and FT protein act as long-distance 
signals transported from the photo-induced leaves to the shoot apex where it evokes 
flowering. However, there are still controversies over the components of florigen and 
its trafficking mechanism. Via genetic and molecular biological experiments, this 
work gave a thorough explanation of the above two kinds of controversies: the 
florigen’s components and the long-distance trafficking mechanism. The main results 
are as following: 
1. Both FT mRNA and FT protein take part in the long-distance trafficking of 
florigen. And they are interdependent. Neither of them could arrive at the shoot apex 
successfully under the circumstances when FT mRNA and FT protein move alone. 
But FT protein can transfer independently from the end of vasculature to shoot apical 
meristem (SAM).  
2. FT protein can function in both cell nucleus and cytoplasm. They collaborate 
with each other to regulate the trafficking of florigen. Moreover, FT protein that is 
fixed in endoplasmic reticulum (ER) also plays a role in this regulation. 
3. FT is able to promote the expression of FT mRNA by means of a feed-back 
function. Translation of FT protein during FT mRNA trafficking in the shoot apex, 
thereby, the signals are enlarged. 
4. The function of FT can be affected if tags are attached to N-terminal or 
C-terminal. And different tags can generate different effects accordingly. Exogenous 
FT mRNA can transport and induce flowering without consideration of the light 
condition. FD and SOC1 are functional both in leaves and shoot apex; fd;soc1 
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This work proved that FT mRNA and FT protein take part in the long-distance 
trafficking of florigen. This new model made a new foundation for researches on 
florigen and the biological function of FT in Arabidopsis thaliana. 
 






































为花分生组织（floral meristem），最终发育为花器官（floral organ）[5, 6]。植物的
开花过程可以分为四个阶段，即开花决定（flowering determination）或成花诱导、



















diversion hypothesis）[11]、多因子控制模型（multifactorail control model）[11, 12]。
同时根据对不同基因和突变体的研究将植物开花调控的基因分为三大类：开花时
间基因（flowering time gene）、花分生组织决定基因（floral meristem identity 
genes）、花器官决定基因（floral organ identity genes）[7]。近些年随着现代遗传学
和分子生物学研究的不断深入，普遍将植物调控开花时间的信号途径分为四条：
光周期途径（photoperiodic pathway）、春化途径（vernalization pathway）、 自



















































在深夜中TIMING OF CAB EXPRESSION 1（TOC1）、EARLY FLOWERING 4 
（ELF4）和LUX ARRHYHMO（LUX）通过间接的方式促进CIRCADIAN CLOCK 



























制PRR9 RNA表达的作用[55]。近两年的研究表明CCA1 HIKING EXPEDITION
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图2 拟南芥的昼夜节律钟和光周期途径模式图 [60] 
Fig.2 A model for the circadian clock and the photoperiodic 





昼夜节律钟通过调节FLAVIN-BINDING，KELCH REPEAT，AND F-BOX 1
（FKF1）、GIGANTEA（GI）、ELF3、CYCLING DOF FAXTOR 1（CDF1）和
RED AND FAR-RED INSENSITIVE 2（RFI2）等五个基因的表达输出信号[44, 61-66] 
（图2）。FKF1和GI激活CONSTANS （CO）的转录[62, 63, 67, 68]，而ELF3、CDF1




























TARGET OF EAT 1 （ TOE1 ）、 TOE2 、 SCHLAFMüTZE （ SMZ ） [82] 、
SCHNARCHZAPFEN（SNZ）、SHORT VEGETATIVE PHASE（SVP）[83, 84]和
FLOWERING LOCUS C（FLC）[85]等转录因子也都有抑制FT转录的作用[86-89]。 
LD条件下，CO在黄昏时积累到很高水平，促进FT 基因转录的mRNA也达




导FT的表达（图3），所以也就不能诱导拟南芥开花[15, 60, 90, 91]。LD条件下，CO
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